Background Numerous reports of THAs in patients younger than 30 years indicate a high risk of revision. Although risk factors for revision have been reported for older patients, it is unclear whether these risk factors are the same as those for patients younger than 30 years. Questions/purposes We therefore (1) determined function and survivorship of revision THAs performed in patients younger than 30 years, and (2) assessed the risk factors for revision THAs in this younger population by comparison with a group of patients younger than 30 years who did not undergo revision.
Introduction
THA in young and active patients is a challenge [25, 30] . The need for revision arthroplasty has increased owing to the higher life expectancy of these patients [12] . Younger patients frequently need surgery because of preexisting conditions and previous surgery. Femoral or acetabular osseous lesions and muscle damage lead to difficult reconstruction impairing the function of THA in these young patients [20] . THA revision in this population requires comprehensive knowledge of failure (bearing components, implant fixation, etiologies, etc) to prevent repeated surgeries, reduce wear, and improve the survivorship [6, 25, 29, 31] .
Numerous studies report primary THAs in patients younger than 30 years [4, 6, 25, 30, 32, 35, 38] with global revision rates ranging from 4% to 33%, [12, 25, 30, 32, 35, 38] . These reported rates are much higher than those reported for older patients (range, 7%-15%) with a longer followup [3, 18, 19, 21] . However, none of these studies of patients younger than 30 years described the function or survival of revision THA. Likewise, none of the studies accurately assessed the reasons for failure of the THA, usually because the number of patients included in the studies was limited as THA in younger patients is not that common [4, 10, 25, 29] .
Based on a large population of primary and revision THAs in patients younger than 30 years, we therefore (1) determined function and survivorship of revision THAs in this specific population, and (2) assessed the risk factors for revision THAs in this younger population by comparison with a group of patients younger than 30 years who did not undergo revision.
Patients and Methods
In 2008, a multicenter trial was conducted in 23 French centers specializing in THA for young patients. All THAs (total 941) performed between January 1985 and December 2003 in patients younger than 30 years with a minimum followup of 5 years were included. We excluded THAs performed for patients with active hip infection or tumors. Of the 941 primary THAs, 199 were revised (revision rate, 21%), and of these 199 revisions, 122 (92%) were in patients older than 30 years, and 77 (8%; 55 patients) were in patients younger than 30 years, which formed our study group (Table 1 ). In the study group, the primary THA was performed at a mean age of 19.7 years (range, 12-29 years) and revision at a mean age of 24.3 years (range, 14-30 years). The revision was performed, on average, 4.6 years (range, 0.4-12 years) after the primary THA. Reasons for revision included aseptic loosening in 40 cases (51%), wear in 19 (24%), recurrent dislocation in four (6%), implant breakage in three (4%), infection in six (8%), and osteolysis in five (7%). Revision involved the stem and cup in 21 cases and was limited to one component in 56 cases (stem in 14 cases, insert exchange in five cases, and cup revision in 37 cases) ( Fig. 1 ). The acetabular side was revised in 88% (n = 68), and the femoral side in 40% (n = 31). The height, weight, and gender ratio were, respectively, 162 cm (range, 114-198 cm), 56.8 kg (range, 37-100 kg), and 28/27 (male/female). Minimum followup of the revised group was 1 year (mean, 6.2 years; range, 1-15 years). Two patients were lost to final followup.
The 819 nonrevised THAs (625 patients; 330 males/ 295 females) in the initial group of 941 patients younger than 30 years constituted the control group (Table 1) . The control and study groups were comparable regarding gender and body mass index (Table 1 ). However, patients in the study group were younger and had a greater number of previous surgeries to the hip (Table 1) . Likewise, the etiologies for primary THAs between the revised and nonrevised groups were different ( Table 2 ). There were more pediatric diseases (slipped capital femoral epiphysis, congenital hip dislocation, developmental hip dysplasia, osteochondritis, Legg-Calvé-Perthes disease) (25% versus 18%; p = 0.008), more sequelae of infection during childhood (16% versus 8%; p = 0.003), and fewer inflammatory diseases (13% versus 21%; p = 0.004) in the revised group than in the nonrevised group.
Clinical function and functional status were assessed respectively according to the Merle d'Aubigné-Postel (PMA) hip rating system [23] and Charnley's classification [5] . Activity level was rated according to the scale described by Devane et al. [9] , and health status was measured by WOMAC score [1] . Before revision surgery, according to the classification of Devane et al., few patients (28%) were very active (Grade 4 or 5); the majority had a low activity level (14% Grade 1, 25% Grade 2, 33% Grade 3, 18% Grade 4, and 10% Grade 5).
AP and lateral radiographs were obtained annually and at last followup in 2008. They were assessed by two observers (JG, FB) who did not participate in the surgeries. The acetabular components were analyzed for migration, wear, and radiolucent lines. Cup migration was detected by measuring changes in position of the center of articulation with respect to the acetabular teardrops. Variations greater than 5 mm or 5°between followup radiographs were considered as indicating migration. Cementless components were examined according to the seven femoral zones of Gruen et al. [15] and the three acetabular zones of DeLee and Charnley [7] for osteolysis and radiolucent lines. Loosening was considered probable if radiolucent lines exceeding 1 mm for cemented cups or dense, reactive lines for cementless cups in the three zones of DeLee and Charnley [7] were observed. For cemented stems, loosening and migration were evaluated according to the criteria of Harris et al. [16] . For cementless stem fixation, the criteria of Engh et al. [13] were used. The function and complications were respectively reported by means, range, and frequency. We determined the differences in functional parameters from preoperative to followup by ANOVA and chi square tests; nonparametric tests (Wilcoxon, Mann-Whitney, Fisher) were used when samples were small. Survival analysis (with 95% CIs) was conducted according to Kaplan-Meier, with reoperation for any reason and component exchange as end points. We determined factors influencing reoperation rate by comparing differences in those parameters using t and chi square tests and nonparametric tests (Wilcoxon, Mann-Whitney, Fisher) when samples were small. The odd ratios (with 95% CI) were calculated for factors that influenced risk for reoperation between the study and control groups. A multivariable logistic regression analysis was applied to test the independence of the factors that influenced the reoperation rate in univariable analysis. Statistical analysis was performed with SAS 1 software (SAS Institute, Inc, Cary, NC, USA).
Results
The function after revision in the study group improved according to the PMA score that increased (p = 0.008) from 12.2 to 14.6 at latest followup (Table 1) . Pain, mobility, and gait improved respectively from 3.6 to 4.5 (p = 0.001), 4.9 to 5.4 (p = 0.009), and 4.1 to 4.9 (p = 0.006). At latest followup, the global WOMAC score was 20.1 (range, 4-65). There was an increase (p = 0.02) in activity level: at followup 30 patients (56%) were rated Grade 4 or 5 versus 15 patients (28%) before revision. Before revision surgery 31% of patients had a leg-length discrepancy greater than 10 mm (average, 1.9 cm; range, 0.5-8 cm), that improved at latest followup, with 9% of patients having inequality greater than 10 mm (average, 0.8 mm; range, 1-5 mm). THA revision was repeated in 42 of the 77 index cases (rate of new revision, 55%). Revisions were needed owing to aseptic loosening (18 cases, 46%), polyethylene wear (10 cases, 28%), recurrent dislocation (six cases, 11%), periprosthetic fracture (five cases, 10%), infection (two cases, 3%), and stem breakage (one case, 2%). Consequently, with THA revision for any reason as the end point, the 10-year survival rate of the study group was only 36% (95% CI, 21%-51%). If the function was acceptable, the radiologic features were more disappointing among the 35 THAs without repeat revision: the cup was considered stable in 28 hips (80%), unstable in six (17%), and uncertain in one (3%). Likewise the stem was deemed stable in 32 hips (92%), unstable in one (3%), and uncertain in two (5%). Acetabular osteolysis was observed for cemented and cementless cups in 12% and 24%, respectively.
Various factors appeared to influence the revision rate of THAs performed in patients younger than 30 years (Tables 1 and 2) . However, only four factors independently influenced the rate of revision: (1) the use of hard-on-soft bearings in 66% of the nonrevised THAs, as opposed to 91% of the revised cases (p \ 0.001) (Fig. 1) . The odds ratio related to the use of hard-on-soft bearings was 3.42 (1.91-6.1); (2) younger ages at the time of primary THA (19.7 versus 23.2 years; p \ 0.0001). Younger age at primary THA was a risk factor regarding revision with an odds ratio of 1.14 (1.07-1.19); (3) more than two previous surgeries (p = 0.003) with an odds ratio of 5.41 (2.67-10.98); and (4) at least one dislocation after the primary THA (p = 0.04) with an odds ratio of 3.98 (1.74-9.07). In contrast small cup diameter did not influence the reoperation rate as an independent factor. Similarly, cemented or cementless fixation (p = 0.5) and activity level according to the score of Devane et al. [9] (p = 0.7) did not correlate with the risk for revision.
Complications were more frequent after revision THA than after primary THA in this specific population ( Table 1 ). The dislocation rate tripled (p \ 0.001) after revision compared with that of the nonrevised group (15% versus 5%, respectively). The dislocation rate within 3 months was greater (p = 0.002) in the revised group than in the nonrevised group (10% versus 2.5%, respectively). Intraoperative complications (acetabular or femoral fractures and postoperative palsy) were greater (p \ 0.001) than those for revision THA in comparison to primary THA.
Discussion
Hip replacement in patients younger than 30 years is a demanding procedure when considering the life expectancy and activity level of these younger patients. Studies analyzing hip replacements in this population suggest a high risk of reoperation ranging from 14% to 43% (Table 3) [12, 25, 30, 32, 35, 38] . Although risk factors for revision are well known in older patients, it is unclear whether these risk factors are the same as those for patients younger than 30 years. Considering the high risk of reoperation and use of THA as a more common procedure in young patients, it appears necessary to investigate the reason for failure to identify patients at risk for revision, and if possible, to prevent these factors or to improve the selection of patients for alternative procedures.
Our study has several limitations. First, this was a multicenter study. The centers were selected according to an adequate level of expertise and it is possible that the findings might differ in low volume centers. Second, we included various prosthesis designs. However, surgeons at all participating centers had extensive experience with their specific implants. Third, although the study was retrospective we included a relatively large number of patients and procedures (941 primary THAs, 55 revision THAs) and a control group (819 nonrevised THAs).
Initially, function appears acceptable with a mean PMA score of 14.6 of 18 points; however, this was significantly worse than for primary THAs in the control subjects ( Table 1) . Survivorship of THA revisions done in patients younger than 30 years are less optimistic when considering the 55% repeat revision rate and the low survivorship of only 36% at 10 years. Because of these disappointing survivorship some authors advocated hip arthrodesis to prevent mechanical failure of the THA in this highly demanding population [33] . This option and conservative surgery should be considered whenever possible, particularly when considering the short followup of only 5 years for this study and the long life expectancy of these patients [36] . We identified mainly polyethylene wear (28%) and loosening (46%) as reasons for revision THAs, therefore, recommending alternative bearings when possible as an option. Small-diameter metal-on-metal prostheses [11, 24] had a lower revision rate in our patients, and should be considered for patients with a smaller skeleton.
Among the indications for primary THA, pediatric diseases and septic sequelae were suspected to have a greater risks for revision, but they were not confirmed as independent factors by multivariable analysis. Contrary to the studies of Chandler et al. [4] and Torchia et al. [35] , we did not find higher risk for revision for THA performed for vascular necrosis and posttraumatic sequelae. Some factors cited in the literature as being correlated with an increased risk of revision were not identified in the current study, such as weight greater than 60 kg [38] , high activity level [4, 38] , unilateral osteoarthritis [35] , and the use of corticosteroids [38] . However, we confirmed the adverse influence of repeat former surgeries before the primary THA [35] , suggesting that conservative procedures should be considered more adequately in this young population. The main THA failure mechanism identified was aseptic loosening, which correlates with polyethylene wear [9, 17, 31] . In these young patients, hard-on-soft bearings were correlated with a lower survival rate. We recommend the use of hard bearings if possible, particularly when considering the higher wear rate of thinner polyethylene inserts usually used in this population when hard-on-soft bearings are used [2, 8, 9, 17, 25] . Instead of activity level, younger age at the time of primary THA was a risk factor for revision in the current study. This finding contrasts with that of other studies [9, 31] , but these studies were performed in older populations. We found cementless or cemented primary THA prostheses designs had no correlation with revision probability. The literature seems to agree with these data showing comparable revision rates after THA implantation of cemented or cementless implants in the general population [24, 39] . In patients younger than 30 years, with 6 years' followup, Restrepo et al. [29] reported only one revision with cementless implants, with excellent bone stock ongrowth. However, high rates of loosening of the cemented cup in primary and revision THAs in younger patients [4, 6, 10, 11, 34] seem to encourage the use of cementless cup components.
The clinical function is identical to this seen after THA revisions in the older population [2, 8] . In contrast, types of complications were different from those after revision in older patients. The fracture rate (14%) in our patients was lower than the rate after THA revision in older patients (16% reported by Park et al. [27] , 22% reported by Farfalli et al. [14] , and 30% reported by Meek et al. [22] ). The dislocation rate (15%) for our patients was higher than usually observed after revision THAs (5% reported by Park et al. [27] , 8% reported by Kinkel et al. [20] , and 9% reported by Ornstein et al. [26] ). In our series, all prosthetic heads had a diameter of 22 or 28 mm. Larger femoral heads ([ 38 mm), currently introduced with metal-onmetal bearings (in large femoral head arthroplasty or hip resurfacing), should be considered to avoid impingement and to prevent dislocation in this active population [28, 37] . Revision THAs are likely in patients younger than 30 years, and the complication rate is high. This should be kept in mind when the primary procedure is indicated in such a population. The survivorship of hip revision in a young population is low, and alternative solutions are advocated whenever possible. Alternative hard bearings provided for a lower revision rate in this specific population, but there are concerns regarding their use and longer followup is mandatory to confirm this data. Revision THA in a population younger than 30 years is associated with a higher revision rate and lower survival rate than those with primary THA. The complication rate is high and correlates with muscular and/or osseous lesions owing to revision surgery. Postoperative dislocations are frequent and should be prevented (with large-diameter heads, respect of abductor muscles, etc). Hard-on-soft bearings appear to be an important risk factor for mechanical failure. Considering survivorship in the current study, hard-on-hard bearings (metal-on-metal or ceramic-on-ceramic) seem to be preferred for these young and active patients rather than hardon-soft bearings. However, in patients with dysplastic hips, the often small sizes of the femoral head and the limited acetabular bone available for supporting an implant may be inconsistent with some hard-on-hard bearing designs.
